Abstract. The epidermal growth factor receptor (EGF-R) signaling pathway is thought to have an important role in the development and progression of several carcinomas, as it is associated with cell proliferation, differentiation and migration. Activation of EGF-R signaling regulates epithelial-mesenchymal transition (EMT)-associated invasion and migration in normal and malignant epithelial cells. However, the specific mechanisms have not yet been fully elucidated. The present study utilized wound healing assays, western blotting, flow cytometry and MTT assays to demonstrate that Annexin A2 (ANXA2) is a key regulatory factor in EGF-induced EMT in CaSki cervical cancer cells. Moreover, the increased expression levels of ANXA2 promoted cell viability and migration in human CaSki cells. It was also found that silencing ANXA2 partially reverses EGF-induced EMT and inhibits cell viability and migration in CaSki cells. These findings suggest that ANXA2 is a key regulator of EGF-induced EMT in CaSki cervical cancer cells.
Introduction
Cervical cancer is the second most common type of cancer among women worldwide, with a mortality rate of ~300,000 annually (1) . Metastasis is responsible for the vast burden of cancer-associated morbidity and mortality. Overexpression of epithelial growth factor receptor (EGF-R) is detected in 70-90% of all cervical cancer cases (2) (3) (4) . EGF-R activation induces the epithelial-mesenchymal transition (EMT), which is accompanied by the overexpression of mesenchymal markers. In contrast, EGF-R inhibition, by a tyrosine kinase inhibitor or antibody, provokes EMT, which is accompanied by the upregulation of epithelial-marker proteins, such as E-cadherin (E-cad) and Zonula occludens-1 (5) . The EMT is a multi-step process that includes dysfunctional cell-cell adhesive interactions, loss of cell-cell junctions and reorganization of the cytoskeleton, which is associated with cell proliferation, metastasis and immune escape.
Annexin A2 (ANXA2), a calcium-dependent phospholipid binding protein, is abundantly present in various cancer cells, and has multiple roles in regulating cellular function, particularly tumor differentiation, clinical outcomes and metastatic potential (6, 7) . Previous studies have implicated ANXA2 in various biological functions, including mitogenic signal transduction, fibrinolysis, immune response, proliferation, carcinogenesis and tumor progression (7) (8) (9) (10) (11) . ANXA2 has been demonstrated to be a co-receptor for both plasminogen and tissue-type plasminogen activator, which cleaves inactive plasminogen to yield the active serine proteinase, plasmin (12, 13) . Subsequent studies elucidated that the conversion of plasminogen to plasmin is induced by ANXA2 promoting metastasis, which leads to the activation of metalloproteinases, degradation of extracellular matrix components, and promotion of neoangiogenesis (14) (15) (16) (17) . However, the underlying mechanisms of ANXA2 and EMT remain obscure.
The present study utilized wound healing assays, western blotting, flow cytometry and MTT assays to demonstrate that ANXA2 is a key regulatory factor of EGF-induced EMT in CaSki cervical cancer cells. Biosun Sci&Tech Co., Ltd., Shanghai, China) supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 µg/ml streptomycin and 100 units/ml penicillin. The cell lines were maintained in a humidified incubator containing 5% CO 2 at 37˚C. The cells were passaged twice a week at an initial density of 1x10 6 cells/ml. CasKi cells were cultured with various concentrations (0, 5, 10, 50 and 100 ng/ml) of EGF (Santa Cruz Biotechnology Inc., Dallas, TX, USA).
Materials and methods

Cell
Plasmid construction and stable/transient transfection.
The human genomic fragment of ANXA2, amplified by nested-polymerase chain reaction (PCR) and ~1,076 bp, was cloned into the pcDNA3.1 (+) vector. Primers for nested-PCR of ANXA2 were as follows: Sense 5'-CAG CAT TTG GGG ACG CTC TCAGC-3' and anti-sense 5'-ATT TCT GGA CGC TCA GGC CGTGT-3'; sense 5'-TCC TCG AGC ATT TGG GGA CGC TCT CAG CTCTC-3' and anti-sense 5'-GCG GAT CCC TTC AGT CAT CTC CAC CAC ACAGG-3'. To generate a cell line that stably expresses ANXA2, CaSki cells were transfected with pcDNA3.1-ANXA2 using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Following selection with G418, a single clone that overexpressed ANXA2 was identified by western blotting. To knockdown ANXA2, the ANXA2 siRNA reagent (sc-270151; Santa Cruz Biotechnology Inc.) was used for transfection.
Wound healing assay. Cells were plated at 2x10 5 /l cells per well in a 6-well plate and grown overnight under standard conditions. A straight-line scratch was made on a confluent monolayer of cells using a sterile 1-ml disposable serological pipette. To remove debris and to smooth the edge of the scratch, the cells were washed with 1 ml PBS. Images of cell proliferation were captured using a Nikon Eclipse TS100 microscope (Nikon Corp., Tokyo, Japan) at 0, 24 and 48 h after the scratch was made.
Western blot. Total protein was extracted from cells using cell lysis buffer (0.5% NP-40, 0.5% SDS, 1.5 Mm Tris-HC, pH 7.4 and 15 mM NaCl). Protein samples (20 µg/lane) were separated by 5% (spacer gel) and then 10% (separation gel) SDS-PAGE, and transferred to polyvinylidene difluoride membranes. Following blocking with 5% skimmed milk, the membranes were incubated overnight with primary antibodies against E-cadherin (sc-7870; 1:1,000; Santa Cruz Biotechnology, Inc.), N-cad (BA0637; 1:500; Boster Biological Technology, Ltd., Wuhan, China), ANXA2 (A2485; 1:3,000; Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) and β-actin (sc-7210; Santa Cruz Biotechnology, Inc.). The membranes were treated with goat-anti rabbit horseradish peroxidase-conjugated secondary antibody (A32732; 1:1,000; Invitrogen; Thermo Fisher Scientific, Inc.) for 1 h at 37˚C. Target protein bands were determined using the enhanced chemiluminescence (ECL) reagents provided in the ECL+PLUS kit (GE Healthcare Bio-Sciences, Pittsburgh, PA, USA). Protein bands were quantified using Quantity One 4.62 software (Bio-Rad Laboratories, Inc., Hercules, CA, USA). β-actin was used as an internal control.
Flow cytometry. Flow cytometric analysis was used to determine the distribution of cells in the cell cycle sub-phases. Cells were harvested in the logarithmic growth phase and fixed overnight with 80% ethanol. Cells were washed with cold PBS and stained with propidium iodide (0.05 mg/ml) and RNase A (0.5 mg/ml) and were analyzed using a flow cytometer.
MTT assay. Cells with different ANXA2 expression levels were seeded at a density of 1x10 5 cells into 96-well culture plates and grown to 40% confluence. The medium in each well was removed, and 20 µl MTT solution (5 mg/ml) was added to each well. Following incubation at 37˚C for 4 h, the medium was removed and 150 µl DMSO was added to each well. The optical density at 570 nm was recorded. The cell growth rate was calculated as follows:
Cell growth rate = ANh / A0h x 100% (N~24, 48, 72, 96, 120).
Statistical analysis. All data are presented as the mean ± standard deviation. Statistical analysis between the groups was assessed using Student's two-tailed t-test and analysis of variance. P<0.05 was considered to indicate a statistically significant difference.
Results
EGF induces EMT and promotes cell viability. Different tumor cell lines exhibit different metastasis properties, which are associated with the expression levels of E-cad (18).
Initially, E-cad expression levels were tested in different cervical cancer cell lines, including HeLa, SiHa and CaSki. E-cad expression levels in CaSki cells were markedly increased, as compared with SiHa and HeLa cells (Fig. 1A) . Due to this, CaSki cells were used for the epithelial model and were cultured under standard conditions with or without EGF (100 ng/ml) for 24 h. Morphological changes were assessed. After 48 h of EGF (100 ng/ml) treatment, CaSki cells became more fusiform and the connections between the cells decreased (Fig. 1B) . Moreover, the E-cad and N-cad expression levels were analyzed by western blotting, which suggesed that EGF treatment was able to upregulate N-cad expression levels and downregulate E-cad expression levels (Fig. 1C) . EGF treatment disrupted the cell cycle distribution by decreasing the G0/G1 phase (normal, 70.9%; EGF treatment, 56.9%) and increasing the G2/M (normal, 7.6%; EGF treatment, 13.3%) and S phases (normal, 21.5%; EGF treatment, 29.7%) under EGF treatment (Fig. 1D ). These data indicate that EGF may induce EMT and promote cell viability by interfering with the cell cycle. Similar results have been published previously (19) .
EGF treatment upregulates ANXA2. Previous studies have illustrated that ANXA2 is involved in the EMT process (20) .
To investigate the association between ANXA2 and EGF treatment, total protein was collected from different CaSki cells that were treated with different EGF concentrations (0, 5, 10, 50 and 100 ng/ml; Fig. 2A ) or with different treatment durations (0, 12, 24, 36 and 48 h; Fig. 2B ). Expression levels of ANXA2 after 24 h of 100 ng/ml EGF treatment were significantly higher than that of cells without EGF treatment or after 24 h at a lower concentration (P<0.01). Furthermore, ANXA2 expression levels were higher when treated with EGF (100 ng/ml) for a longer duration. These results suggested that EGF promotes ANXA2 expression, and that EGF expression levels in cells are increased by prolonged exposure or exposure to an increased concentration (Fig. 2) .
Roles of ANXA2 in EMT, growth and migration. Although ANXA2 was significantly upregulated in the EGF-induced EMT process, it is possible that this is an unrelated phenomenon or a compensatory event. To clarify the role of ANXA2 in the EMT process, CaSki cell lines that had ANXA2 overexpression or knockdown were established by transfecting pcDNA 3.1-ANXA2 or ANXA2 siRNAs, which was evaluated by western blot analysis (Fig. 3A) . Using these cell lines as a model, it was demonstrated that ANXA2 downregulated E-cad expression, which was similar to the effect noted after 24 h of EGF (100 ng/ml) treatment. The downregulation of E-cad induced by EGF was partially reversed by ANXA2 siRNA transfection. N-cad, which is a mesenchymal marker protein and is upregulated with EGF treatment, was upregulated by ANXA2 overexpression. Furthermore, the upregulation of N-cad induced by EGF was partially reversed by ANXA2 siRNA transfection (Fig. 3B) . With overexpression of ANXA2, the cell morphology became more fusiform, and the morphological changes induced by 24-h treatment with EGF (50 ng/ml) were partially reversed by ANXA2 siRNA transfection (Fig. 3C) .
Moreover, ANXA2 promoted cell growth and interfered with the cell cycle by decreasing the cell ratio in G0/G1 phase (normal, 70.9%; ANXA2 upregulation, 53.7%), but it increased the cell ratio in S phase (normal, 21.5%; ANXA2 upregulation, 29.6%) and G2/M phase (normal, 7.6%; ANXA2 upregulation, 16.8%), which was similar to EGF treatment. However, knockdown of ANXA2 had the opposite effect compared with normal CaSki cells, which involved an increased cell ratio in the G0/G1 phase (ANXA2 downregulation, 79.1%) and a decreased cell ratio in S phase (ANXA2 downregulation, 11.1%) and G2/M phase (ANXA2 downregulation, 9.8%; Figs. 3D and 4) .
The results of the present study suggested that overexpression of ANXA2 may promote EMT, which was upregulated in the EGF-induced EMT process (Fig. 3) . To further investigate the role of ANXA2 in migration, a wound healing assay was evaluated in normal, EGF-treated, ANXA2-upregulated and ANXA2-downregulated CaSki cell lines. These results suggest that upregulated ANXA2 or EGF may promote CaSki cell migration compared with normal cells, but silencing of ANXA2 had the opposite effect (Fig. 5) .
Discussion
EMT is a dynamic process that can be regulated and reversed by various factors, including miRNA (21) . Alterations in cell morphology and function during the EMT process are accompanied by changes in protein expression profiles, including the loss of epithelial markers and the de novo expression of mesenchymal markers. Previous studies have revealed that EMT can be triggered by the interplay of extracellular signals, including extracellular matrix components and soluble growth factors, such as transforming growth factor-β and fibroblast growth factor families, EGF, insulin-like growth factor and scatter factor/hepatocyte growth factor in cancer progression (22, 23) .
The present study explored the possible mechanism of EGF-induced EMT, in addition to how ANXA2 has a crucial role in CaSki progression. The overexpression of EGF-R is an independent predictor for poor prognosis in cervical cancer (24) . Moreover, EGF-R overexpression is associated with a poor Figure 2 . EGF treatment upregulates ANXA2. ANXA2 expression levels were analyzed by western blot analysis. CaSki cells were cultured with (A) various EGF concentrations (0, 5, 10, 50, and 100 ng/ml) for 24 h or (B) with EGF (100 ng/ml) treatment for different time periods (0-48 h). Expression levels of ANXA2 after 24 h of 100 ng/ml EGF treatment were higher than without EGF treatment or with a lower concentration for 24 h. ANXA2 expression levels were increased after a longer duration of EGF (100 ng/ml) treatment. Densitometric analysis of three independent western blots. Values are presented as the means of three trials with the standard deviation indicated by error bars. response to chemoradiation (25) . Initially, it was suggested that the CaSki cell line has higher E-cad expression levels than other cervical cancer cell lines, such as SiHa and HeLa cells. As a result, CaSki cells may be epithelial-like cells in cervical cancer, and thus were used as a model cell line in the present study. The present results demonstrated that EGF-induced EMT is accompanied by high levels of ANXA2 expression. With EGF treatment, these cells became more spindle-shaped and had mesenchymal-associated molecular profiles, such as de novo expression of N-cadherin and increased migration activity. Grewal and Enrich (26) suggested that ANXA2 is downstream of the EGF-R signal pathway. To clarify the regulatory role of ANXA2 in EGF treatment, the role of ANXA2 in the viability and migration of human CaSki cervical cancer cells was investigated. Stable expression of ANXA2 significantly promotes cell growth by interfering with the cell cycle in vitro. However, silencing of ANXA2 inhibited the cell growth and distribution of the S phase less than in normal cells. Overexpression of ANXA2 was able to promote cell migration activity, whereas depletion of ANXA2 inhibited migration. It has also been suggested that ANXA2 maintains constitutive activation of EGF-R downstream signaling intermediates, contributing to cell proliferation, migration and viability (27) , which is considered a potential factor that regulates cell growth, invasion and chemo-resistance (20) . ANXA2 may facilitate cell proliferation by regulating p53 via c-Jun N-terminal kinase/c-Jun in HCC since disruption of the p53/miRNA-34 axis causes abnormal apoptosis and progression (28) .
A B
The present results also indicated that the overexpression of ANXA2 induces E-cad downregulation and N-cad There was a decreased cell ratio in G0/G1 phase (normal, 70.9%; ANXA2 upregulation, 53.7%) and an increased cell ratio in S phase (normal, 21.5%; ANXA2 upregulation, 29.6%) and G2/M phase (norma, 7.6%; ANXA2 upregulation, 16.8%) when ANXA2 expression was forced. With ANXA2 knockdown, the cell ratio in G0/G1 phase increased (ANXA2 upregulation, 79.1%), and decreased in S phase (ANXA2 upregulation, 11.1%) and G2/M phase (ANXA2 downregulation, 9.8%), which was evaluated using flow cytometry. Treatment with EGF (100 ng/ml) for 24 h was used as a positive control, and normal CaSki cells were used as a normal control. Values are presented as the means of three trials with the standard deviation indicated by error bars. upregulation with structural alterations, which is similar to EGF treatment alone. However, silencing ANXA2 reversed the downregulation of E-cad and upregulation of N-cad that was induced by EGF treatment. In mesenchymal-like cells, downregulation of E-cadherin or upregulation of N-cad is characterized as the major hallmark responsible for the loss of cell-cell contacts in EMT events (21) . E-cadherin, which is present in mature adherens junctions, is a pivotal molecule that maintains epithelial cell polarity. E-cadherin binds to β-catenin and forms a protein complex that links to the actin cytoskeleton. E-cadherin has anti-proliferation, anti-invasion and anti-metastasis functions, and loss of E-cadherin contributes to metastatic dissemination in numerous cancer types (5) . The mechanisms of E-cadherin loss in malignant cancers include genetic mutation, epigenetic silencing, transcription repression and proteolytic processes (4) . Another research group has also demonstrated that upregulation of ANXA2 is accompanied by the EMT process in endometrial cells, and forced expression of ANXA2 may mediate phenotypic mesenchymal-like cellular changes with structural and functional alteration in a β-catenin/TCF signal-associated manner (29) . This could be reversed by inhibition of ANXA2 expression, and another study suggested that ANXA2 is closely associated with tumor progression in HeLa cells (30) .
It has previously been suggested that ANXA2 depletion delays EGF-R endocytic trafficking via cofilin activation and enhances EGF-R signaling and metastasis formation (27) . However, this data also suggested that this inhibition coincides with enhanced EGF-induced cell migration and downstream signaling via JNK and Akt, which may explain why ANXA2 knockdown increases lung metastasis formation in mice (31) .
The findings of the present study demonstrated that in CaSki cells, ANXA2 acts as an important regulatory factor in EGF-induced EMT. ANXA2 promoted EGF-induced EMT, cell viability and migration activity in CaSki cells in vitro. This suggests that depletion of ANXA2 may structurally and functionally reverse EGF-induced EMT. /l cells per well in a 6-well plate and cultured overnight under standard conditions. A straight-line scratch was made on a confluent monolayer of cells using a sterile, 1-ml, disposable serological pipette. Images of cell proliferation were captured and the close field was calculated using a Nikon Eclipse TS100 microscope at 0, 24 and 48 h after the scratch. Sample 1 was normal CaSki cells, 2 was CaSki cells with EGF treatment, 3 was CaSki cell with ANXA2 overexpression and 4 was CaSki cells with downregulated ANXA2. The relative close field ratio of ANXA2 overexpressed cells was much higher than that of the normal and ANXA2 knockdown cells at 48 h after scratching. EGF treatment was used as a positive control. Values are presented as the means of three trials with the standard deviation indicated by error bars. * P<0.05 and ** P<0.01. EGF, epidermal growth factor; EMT, epithelial-mesenchymal transition; E-cad, E-cadherin; N-cad, N-cadherin; ANXA2, Annexin A2.
